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ABSTRACT 



An adapter card which includes a non volatile memory for 
containing configuration parameters for establishing one of 
a plurality of configurations for the adapter card, as well as 
a pair of mapping bits which define the selected configura- 
tion. A default configuration is provided which places the 
adapter card in the legacy configuration during an initial 
system power up. The default mode also enables the adapter 
card to listen for a plug and play initialization key sequence, 
and switch the card configuration to a plug and play con- 
figuration. A companion utilities program permits access to 
the EEPROM for establishing a new set of configuration 
parameters in the EEPROM, and to change the mapping bits. 

15 Claims, 5 Drawing Sheets 
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ADAPTER CARD SYSTEM INCLUDING FOR and a plug and play configuration, and which can be 

SUPPORTING MULTIPLE reconfigured using a utilities program. 

CONFIGURATIONS USING MAPPING BIT The adapter card includes a non volatile memory such as 

a EEPROM which stores various parameters such as I/O and 

BACKGROUND OF THE INVENTION 5 memory addresses and interrupt levels, which are necessary 

. to support the card. Additionally, the non-volatile memory 

Toe present invention relates to adapter cards for small stores mappmg mode bits whicD ^ configuration 

computer systems. Specifically, an adapter card which may log ; c f or tne adapter card. During a power up sequence, the 

be configured in either a legacy, a plug and play, or a mapping mode bits are read and the device assumes the 

customer unique mapping mode is described. 1Q configuration defined by the read bits. 

Personal computers are designed with an open system The configuration is set to a default condition prior to 

which provides for expansion capabilities. The cejtlral pro- installation which places the adapter card in a legacy con- 

cessing for these computers is performed with circuitry figuration. However, the adapter card detects the presence of 

which resides on a mother board. The mother board includes a normal plug and play sequence on the system bus. Logic 

various slot interfaces which can receive devices which ^ circuitry on the card then switches to a plug and play 

enhance the computer's utility. These devices may include configuration permitting configuration parameters to be set 

network cards for connecting the computer to an external & om me P lll g and play routines executed as part of the BIOS 

network, modems for communicating by telephone with routine or from the operating system, 

other computers, hard drive and floppy drive controllers, etc. The related utility program permits the adapter card to be 

Once installed, these devices may be a ddres sed and utilized 2 o P r °g ramme d in any of several configurations. The utility 

as a system resource. program issues an alternate key sequence which is recog- 

A1lfiU j t,j j* u-u nized by the interface of the adapter card, and enables the 

All of these expansion devices include a n adapt er which , . / . t 4 , , 4 , . r A ' 

. • •• *_<? 4. c i lv u- logic circuit to decode the subsequent configuration com- 

contains various interface parameters for establishing oper- * a e %. • <u * _ • *u i * *i 

. . . v . , , , mands for changing the parameters in the non- volatile 

ating conditions which are compatible with the systems m ^ well % f he ma £ ^ mode ^ ^ e n£W n(m _ 

protocol. In prior art devices, these configuration parameters 25 volatilc mem contents cstablish thc ad ter card ^ 

were preset m the adapter cards before installation and are ration in subsequent system boots . 

not changed by the user, or only changed with special 

utilities software which requires considerable skill to oper- BRIEF DESCRIPTION OF THE DRAWINGS 
ate. In some instances, conflicts in I/O addresses, interrupt 

levels, etc., arise which cannot be resolved by the computer 30 FIG - 1 is a block diagram of an adapter card in accordance 

system when several of such expansion devices are in the with a preferred embodiment of the invention. 

computer. FIG. 2 is a state diagram of the system of FIG, 1 during 

A new configuration standard has been proposed which is configuration of the adapter card, 

referred to as a "plug and play" configuration. Adapter cards FIG. 3 is a flow chart showing the initial steps formed 

having the plug and play capability are individually config- 35 a utilit Y application for changing the configuration of 

ured by the computer system which assigns I/O addresses, mc adapter card of FIG. 1. 

interrupt levels, and other parameters during an initial power FIG. 4 is a flow chart illustrating that portion of the utility 

up sequence. The system BIOS or the operating system program for disabling the plug and play function, 

includes routines for individually addressing the adapter FIG. 5 is a flow chart illustrating that portion of the utility 

cards, assigning a handle for the adapter card, known as a 40 program which permits the system user to change configu- 

Card Select Number (CSN), and determining the various ration parameters for the adapter card, 
operating requirements for the adapter cards. Conflicts 

between the identity of the cards are avoided as a result of DETAILED DESCRIPTION OF THE 

the system conducting an inventory of all the connected PREFERRED EMBODIMENT 

devices which precedes the assignment of I/O addresses, 45 . , , , , ,. ~ , , 

interrupt levels, and the other parameters. HG. 1 shows du f un of genenl architecture 

. , , . . of the adapter card in accordance with the present invention. 

TTie use of plug and play adapter cards will undoubtedly Tte adaptef card ^ a slo( to the 

prove advantageous to users who have a computer system sys , em bus u ^ slo[ has a h ical vUkss , he 

which accepts the plug and play configuration. However, computing system md j, addressed by m addr6SS bus 

many systems currently in use do not have a system BIOS connected t0 a process0 r 11 and system memory 13. The 

or operating system which provides plug and play capabili- processor u configures the various adapter cards connected 

ties Adapter cards which are only configured for this , 0 tne tem bus 12 b ^g^g various p arame ters such 

configuration are not functional in the older legacy systems as y Q and me addresses and interrupt levels to the 

which only support the pre-existing type of configuration. adapter card 

Mfiuudvt adapters which are dedicated to a single 55 A non . voktile memory ^ as EEPR0 M 21 includes 

configuration lack a versatility r which permits a user to default p arameter settings as well as a pair of mapping mode 

change resource allocations which is useful whether the feits M ^ ^ of cxecmion of ^ ffl B , os ^ 

system is a plug and play system or the older pre-plug and vari(ms defauU arameters such as m ^ dKSS inter . 

plug system. Ideally, adapter cards are desirable which are 6Q , , evels etc m written t0 re ^ sters 26 27 and 25, and the 

capable of both types of configuration and which permit a m mode Wtg are inserted m ^ 23 Jhe ■ 

user to modify thc configuration through a companion utility mod( . Wt5 rcgistcf ^ mdude a flrst mode ^ ^ a 

program. listening bit which controls whether or not the adapter is 

BRIEF SUMMARY OF THE INVENTION listening for a plug and play imuahzaaon key sent over the 

65 system bus 12. The data of register 23 can assume four 

The present invention provides an adapter card which is different configurations for the adapter card, representing the 

capable of being configured in both a legacy configuration particular configuration selected by the user. 
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In a first default mode, the adapter card is placed in the 
legacy mode. Dedicated logic circuitry 22, in response to the 10 
default mode indication by the data of live register 23, will 
configure the card as though it were inserted in a machine 
which is only supported by a legacy configuration. In this 
mode, the logic circuitry 22 responds to configuration com- 
mands received from the interface 20 from a computing 15 
system which only supports adapter cards with a legacy 
configuration. 

The listening bit places the logic circuitry 22 in a listening 
mode for a plug and play initialization key which would be 
issued during power-up of the system. During execution of 20 
the BIOS routines, or by the initial operating system 
routines, a plug and play initialization routine may be 
executed. When the interface 20 recognizes the presence of 
a plug and play initialization key, the mapping mode bit in 
register 23 changes to a 0 and the logic circuitry 22 then 25 
processes subsequent plug and play configuration com- 
mands accordingly. The corresponding value in EEPROM 
21 remains however unchanged until a utility program 
rewrites its contents. 

The default data from the EEPROM 21 residing in 30 
registers 25, 26 and 27 may be rewritten from the system bus 
12 by the processor by conventional plug and play routines 
executed by the processor 11 if the plug and play configu- 
rations are effected or by a companion utility program. 

The data in register 23 may also take the value of the 35 
mapping mode bits which place the logic circuitry 22 in a 
legacy only mode, disabling the listening for the plug and 
play initialization key. Under these conditions, even though 
a plug and play initialization key has been generated at 
system power-up, the adapter card will not switch to the plug 40 
and play mode as was the case when the default mode was 
selected. Alternatively, the mapping mode bits may be set to 
a value for plug and play mode only as shown in the table. 

The adapter card may assume yet another configuration 
mode when the data in register 23 is placed in the state 0, 0 45 
by the utility program identified in the table as customer 
settings, permitting changes to any previous configuration 
parameters set in register 25 to 27. The utility application is 
capable of accessing the adapter card whether it is either in 
the plug and play mode, or legacy mode, and whether the 50 
adapter card is in the listening mode or not, using a back 
door alternate initialization key. For systems where the plug 
and play capability has been adapted, certain older applica- 
tions or drivers which run on these systems may require an 
adapter to be in the legacy mode. To accommodate these 55 
circumstances, the present invention contemplates a logic 
circuit 22 which when it receives the alternate initialization 
key generated by the complementary utilities program per- 
mits the default data within EEPROM 21 to be changed, and 
a subsequent execution of the system BIOS or operating 60 
system results in changes to the parameters stored in regis- 
ters 25 to 27. 

The adapter of FIG. 1 can be used for implementing 
virtually any add-on functional logic 24. This includes 
modem devices, memory controllers, network interfaces and 65 
any other peripheral device now served by adapters which 
are connected to the system bus 12. 



The alternate key may be a modification of the plug and 
play initialization key, for example, by changing the last four 
bytes of the plug and play initialization key. Or, the alternate 
key sequence may be unique to each adapter card by having 
the value hard coded on the adapter card which may be read 
using the utility program. The Interface 20 connects the 
logic circuitry 22, EEPROM 21, and the functional device 
24 to the system bus 12. Changes to the EEPROM 21 
contents and the registers 25-27 are effected by commands 
received through the interface 20 from the system bus. 
Changes to the EEPROM 21 contents include not only 
changing the default parameters, which are loaded to reg- 
isters 25 to 27 during power up, but additionally changing 
the mapping bits. For example, the mapping bit which 
identifies whether or not the adapter is in the plug and play 
listening mode may be changed to take the adapter out of the 
listening mode during subsequent power up and BIOS 
execution, and the adapter is configured in a legacy mode 
only, and cannot be placed in the plug and play mode by 
sensing the plug and play initiation sequence. 

The adapter card may be placed in the plug and play mode 
from the default mode, or from the utility program. Once in 
this mode, all plug and play defined registers and configu- 
ration functions can be read and written using the normal 
plug and play routines of the BIOS routines or the operating 
system. 

The complementary utility software is run by the user 
establishing a configuration other than the default mode, or 
to take the adapter card out of the plug and play mode, and 
to read and write to the EEPROM 21. In the preferred 
embodiment, when a mode change is to be effected by the 
utility software, the EEPROM 21 contents are changed, and 
the new mode of operation is effected when the system is 
rebooted. Changes to register 23, 25, 26, and 27 take effect 
immediately so a reboot may not be required after running 
the utility. 

The use of the alternate key sequence permits the current 
adapter to be accessed without accessing other adapters 
which may be in the system which are configured in the plug 
and play mode. Thus, even though the adapter is imple- 
mented for use with plug and play implemented systems, full 
control over the adapter configuration is possible by the 
utility program, to make changes to the configuration param- 
eters for applications which are not compatible with plug 
and play specifications. 

The operation of the adapter card using the alternate key 
sequence is illustrated in the state diagram of FIG. 2. The 
adapter card waits in state 30 for a key to be sent over the 
system bus, which may be the plug and play initialization 
key sequence or the alternate key sequence. If the plug and 
play Initialization key is detected, the adapter card enters the 
plug and play isolation state 31 where it receives the plug 
and play parameters from the system bus and loads the 
parameters in registers 25 through 27. Following the loading 
of the parameters, the system leaves the isolation state 30 
and enters a sleep state 31. The adapter card can be subse- 
quently set to the configure stale from the sleep state 32. 

If the alternate key sequence is detected in the wait state 
30, the logic circuitry 22 places the device in a configuration 
state 33, permitting the utility to change the values of the 
EEPROM 21 as well as those of registers 25 through 27. 
Once the values of the EEPROM 21 are changed, a reboot 
of the system results in new values being stored to registers 
23 and 25 through 27 which establishes one of the default, 
plug and play, or legacy states. 

The adapter card and computing system are interfaced 
under software control by a driver/configuration program. 
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The driver/configuration program interfaces with the oper- 
ating system and BIOS program for initializing the configu- 
ration of the adapter. As the present adapter is capable of 
working in systems with are equipped with plug and play 
capabilities, whether through BIOS execution or operating 5 
system execution, the card must be initialized in accordance 
with the capabilities of the system. 

An example of the use of the adapter card complementary 
utility software is illustrated in FIGS. 3 to 5. This software 
in many aspects emulates the operation of the driver/ 10 
configuration software as will be evident from the descrip- 
tion of the utility. 

Referring now to the flow chart of FIG. 3, the execution 
of the utilities software begins once the user has inserted the 
adapter card in step 40 within the system bus 12 slot, and is 
loads the utility program for execution. Initially, the utility 
program permits the user to view and change the contents of 
registers 25-27 to effect resource choices, as well as setting 
the mapping bits which were previously set in the EEPROM 
21. The utilities program checks in step 41 whether or not a 20 
plug and play function has been provided in the computer 
system BIOS or operating system. If not, the utilities 
assumes that the card is installed within a legacy computing 
system, and prepares to execute a non plug and play mode 
configuration in step 45. 25 

In the event that the system provides for plug and play 
operation of adapter cards, each adapter card is checked in 
step 43 to determine whether or not the listening bit has been 
set to permit listening for the plug and play initialization key. 
If the bit has not been found set, then the process will 30 
proceed with the assumption that the card is in a non-plug 
and play mode in step 45. 

If the listening bit has been found to be set, indicating that 
the card is listening for the plug and play initialization key, 
the process proceeds to step 44 on the assumption that the 35 
plug and play mode has been configured for the adapter card. 

Referring now to FIG. 4, there is shown the steps executed 
when a plug and play mode has been determined as the 
configuration mode for the adapter in step 44. The utility 
program in step 48 will display the various resource values, 40 
i.e., the parameters chosen by the earlier plug and play 
initialization sequence, and then waits for a user's request in 
step 49. The user may either disable the plug and play mode 
by typing his selection, or exit the utility program through 
step 53. If disabling of the plug and play configuration is 45 
elected, the utility software issues a normal initialization key 
sequence, or alternate initialization key sequence. The map- 
ping mode bits are set to indicate the legacy configuration 
and the listening bit for controlling whether the adapter card 
listening bit is set to off in the EEPROM 21 in step 50. Thus, 50 
the EEPROM 21 contents have been changed to indicate that 
in a subsequent reboot of the system the legacy mode will be 
established for the adapter card, and the ability to Listen for 
plug and play initialization keys is disabled. In this 
configuration, the adapter card is then accessible by the 55 
alternate key sequence only, permitting changes to the 
adapter card without interfering with other cards that may be 
set up in the plug and play mode. 

The EEPROM 21 is then loaded with new default param- 
eters in step 51. Subsequent execution of step 52 of the BIOS 60 
or operating system routine results in the substitute param- 
eters from the EEPROM 21 into registers 25-27 to set up a 
legacy/non plug and play mode configuration in logic cir- 
cuitry 22. 

FIG. 5 illustrates the utility software execution sequence 65 
when the configuration for the adapter has been determined 
to be a non plug and play mode. The utility enters the routine 
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at 60 shown in FIG. 5, when the determination has been 
made that the adapter has not been placed in a plug and play 
operation. This may result because the system does not 
include any plug and play BIOS routines or an operating 
system which lacks the plug and play capability, or because 
the adapter card has been set so that there is no listening for 
a plug and play key sequence by exercising the alternate key 
sequence. This results in the utility displaying the resource 
parameters which are loaded from the EEPROM 21. A user 
indicates a request in step 62 to change the resources, or, to 
enable the plug and play operation. 

If the user has indicated a change in resource selection, by 
typing in the resource and the corresponding change, step 63 
will determine whether or not the resource change is within 
the legacy mapping capabilities. If it is, the resource 
(parameter) wilt be changed in the EEPROM 21 in step 65. 
When the system is rebooted in step 66, these parameters 
will be loaded as default parameters from EEPROM 21 to 
registers 25-27, and the non-plug and play mode is executed 
in step 67. 

In the event that the requested change of resources is not 
within the legacy capabilities, the mapping bits are set so 
that the adapter card is in the plug and play mode in step 67 
with the listening bit maintained off so that the system does 
not listen for the plug and play initiating sequence. The 
resource is then changed in the EEPROM 21 to make full 
use of the plug and play range in step 69 which was 
unavailable in the legacy mapping mode. 

When the changes are concluded, the non-plug and play 
mode configuration is selected in step 72 as the mapping 
mode listening bit controlling plug and play listening is in 
the off state. The program then returns to the beginning. step 
60, where additional resources or adapters may be located to 
make any other changes to the resources of the adapter. 

In the event during the selection phase, the user has 
indicated in step 62 to enter a normal plug and play 
operation, step 71 sets the parameters in EEPROM 21 for the 
legacy mode, with the plug and play listening bit in the on 
condition. 

The user is then instructed in step 74 to power off, and on 
again, which loads the EEPROM 21 data to establish the 
configuration parameters and configuration mode during the 
execution of the BIOS or operating system. 

The utility program then reenters the beginning of the 
execution sequence in step identified as step 40 of FIG. 3. 

Thus, there has been described an adapter and related 
utility which are capable of controlling the configuration of 
the adapter card. Those skilled in the art will recognize yet 
other embodiments of the invention defined by the claims 
which follow. 

What is claimed is: 

1. An adapter card for a computing system comprising: 
a non volatile memory for storing configuration param- 
eters for the adapter card as well as data identifying the 
configuration; 

a plurality of registers for receiving and storing said 
configuration parameters; 

a system bus interface connecting the adapter card to the 
computing system bus for receiving configuration com- 
mands issued by a central processor connected to said 
system bus; and 

logic circuitry for configuring said adapter card to one of 
a plurality of configurations depending on the data 
identifying the configuration in the non-volatile 
memory said logic circuitry in response to one state of 
said identifying data which defines a default state, 
establishes a legacy configuration for said adapter card, 
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said logic circuitry switching said adapter to a plug and 
play protocol when a plug and play key sequence 
appears on said system bus, said logic circuitry in 
response to a second state of said data identifying said 
configuration ignoring any plug and play key sequence 5 
which appears on said system bus, maintaining said 
adapter card in a legacy configuration. 

2. The adapter card according to claim 1 wherein said 
system bus interface in response to a utilities program being 
executed by a control processor writes said data identifying 10 
said configuration to said non-volatile memory, wherein said 
adapter card is subsequently configured with a configuration 
identified by said data. 

3. The adapter card according to claim 1 wherein said 
logic circuitry, in response to a third state of said data is 
identifying said configuration, is only responsive to plug and 
play configuration commands received over said system bus. 

4. The adapter card according to claim 3 wherein said 
logic circuitry, in response to a fourth state of said data 
identifying said configuration, processes commands 20 
received over said system bus for changing said configura- 
tion parameters in said non volatile memory. 

5. The adapter card according to claim 1 farther compris- 
ing a register for holding the data identifying said configu- 
ration during configuration of said adapter card. 25 

6. The adapter card according to claim 5 wherein said 
logic circuitry, in response to a command received over said 
system bus changes the contents of said registers holding 
said data identifying the configuration data, and in response 

to a second command changes the configuration data stored 30 
in said non-volatile memory. 

7. The adapter card according to claim 1 wherein said 
registers store a range of I/O ports for said adapter, and an 
interrupt level for said adapter. 

8. An adapter card for a computing system comprising: 35 
a non volatile memory for storing at least one mapping 

mode bit; 

logic circuitry for controlling a configuration of said 
adapter card in response to said one mapping mode bit; 
and 40 

a system bus interface connecting said logic circuitry and 
non volatile memory to said computing system, said 
interface being under control of said at least one 
mapping mode bit which controls whether said inter- 45 
face recognizes a plug and play key sequence on said 
system bus. 

9. The adapter card of claim 8 further comprising a second 
mapping mode bit stored in said memory which defines with 
said first mapping mode bit a configuration for said adapter 5Q 
card. 

10. The adapter card of claim 8 wherein said logic 
circuitry changes the values of said mapping mode bits in 
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response to a command issued by a utility program running 
on said computing system. 

11. The adapter card of claim 9 wherein said mapping 
mode bits define a default configuration of said adapter card 
which initially establishes a legacy mode configuration for 
said adapter card. 

12. A method for configuring an adapter card connected to 
a computer bus comprising: 

generating a sequence of data on said system bus which 

is recognized by said adapter card as a command to 

accept configuration data; 
forwarding configuration parameters to said adapter card 

for storage in a non-volatile memory on said adapter 

card; 

forwarding first and second mapping bits to said adapter 
card for storage in said non-volatile memory which 
identifies a configuration for said adapter card, one of 
said mapping bits establishing a listening state for said 
adapter card to detect a plug and play sequence for said 
adapter card; 

storing said configuration parameters in said non-volatile 
memory; and 

entering said configuration parameters in working regis- 
ters during each subsequent system boot. 

13. The method of configuring said adapter card accord- 
ing to claim 12 wherein said configuration parameters are 
default parameters for establishing a legacy configuration in 
said adapter card. 

14. The method of configuring said adapter card accord- 
ing to claim 13 further comprising detecting a plug and play 
initiation sequence on said bus and changing said adapter 
card to a plug and play configuration in response thereto, 

15. A method for configuring an adapter card connected to 
a computer system bus comprising: 

generating a sequence of data on said computer system 
bus which is recognized by said adapter as a command 
to accept configuration data; 

forwarding configuration parameters to said adapter card 
for storage in a non-volatile memory on said adapter 
card, said configuration parameters being default 
parameters for establishing a legacy configuration in 
said adapter card; 

storing said configuration parameters in said non-volatile 
memory; 

entering said default configuration parameters in working 
registers during each subsequent system boot and 

detecting a plug and play initiation sequence on said bus 
and changing said adapter card to a plug and play 
configuration. 

♦ * * * * 
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